INTRODUCTION
Real time traffic management in urban road networks requires information on the present and future traffic state. This information needs to be as complete and precise as possible. Today, traffic information comes from a variety of sources such as inductive loops, video observation and floating car data. To achieve truly intelligent transportation management it is essential to have real time information. However, to get comprehensive information of nearly all lanes and turning movements based on measurement equipment is not realistic. Such supply coverage would be too expensive for most public budgets.
Therefore, the focus is to improve traffic demand estimation using sparse detector data as input combined with algorithms based on integrated data fusion techniques. These techniques contribute additional information of turning movements, flow and delay and in this way enhance data coverage and data quality. The benefit of such a system is that the accuracy of the estimation could be improved by using the existing detection infrastructure.
STATE OF THE ART

Gaining OD Information at Network level
In recent years a large number of models have been developed to estimate an origin-destination matrix from link traffic count data (see Van Zuylen and Willumsen (11, 12) , , Cascetta (2), Bell (1) among the most cited papers). Typically, the entropy maximising, information minimizing, and least squares estimators have been proposed and applied. The concept of the models is to update or improve an old OD matrix provided so that the estimated link volumes are consistent with the measured ones. In these methods a unique solution is ensured by defining an objective function, which is generally formulated as a "distance" between the trip matrix and the prior matrix. Because the number of counted links in larger networks is especially much smaller than the number of origin-destination pairs in the trip matrix, there are multiple solutions of the problem. In order to determine an unique solution, some other information must be added, which is introduced as historical information. Van Zuylen, for example, has used the principle of minimum information to define the most likely OD matrix as Apart from the prior information included in t ij , the assignment process which converts the knowledge of the trip matrix into link flows has a high influence on the quality of OD estimation. The accuracy of the assignment information a ij p , the fraction of trips from origin i to destination j that pass over link a, is important, because it is needed in the matrix estimation process. The assignment process itself has been widely studied in the last years and is not discussed here further.
Our focus is on the influence of additional information in the iterative process of assignment and OD estimation and how the different information could be included in this procedure. A different approach has been proposed by Vortisch and Hengst (11) . They propagate link flow counts from detectors to links without detection equipment. For that purpose they use turning proportions from an assignment to propagate the detected flow upstream and downstream. Additionally, they attribute these propagations with information on confidence, which is declining with increasing "length" of propagation. The output of estimated flow at an link is then calculated as the confidence-weighted average value of the two propagated link flows. This method is used at present at the Traffic Management and Control Center Lower Saxony in Hannover.
Gaining Information at Intersection level
METHODOLOGY OF THE APPROACH
The concept of the approach is to split the system into the network level and the intersection level. On the intersection level data fusion techniques are applied in real time to combine detected flow data and information on the signal timing. The respective algorithms generate information on turning movements, queue lengths, delay and flow. Furthermore, this data is also propagated to the circumjacent sectors while the declining accuracy is considered. This procedure offers the opportunity to obtain more exact data at each detected intersection and also to fill data gaps on not detected sectors and intersections without further measurement equipment. In detail the approach comprises the following parts:
Combining Detected Data and Information of Signal Timing
Since comprehensive information on the traffic state at network level gathered by measurement is not realistic, a model is applied which only uses common detector loops as data source. Disaggregated traffic flow information collected by upstream detectors of an intersection is related to the green times of the signal timing. Generally, the link detection only supplies flow, occupancy and speed information, but no information on turning movements or route flows. Where there is no segregated turning lane different turning movements use the same lane and therefore the fraction of the streams cannot be determined. But using the temporary dependence of detection time and signal phasing of the different streams, estimates of the fractions could be made, because not all of the possible streams which pass the same detector could be green lighted at the same time. This approach was already implemented and tested by the authors (see Matschke and Friedrich (5) and Matschke and Friedrich 6) and resulted in a high performance of the estimation of turning flows at an intersection (determination coefficient of estimated compared to real turning flows > 0.9).
Propagation of Additional Information
A further possibility to augment the gathered information is the combined examination of adjacent intersections. Hence the information about detected flows is propagated to the next intersections, whiledifferent from the approach of Vortisch and Hengst, who use static turning rates derived from the assignment -the turning rates are derived from the combination of detection time and signalling status (as described above and in Matschke and Friedrich (5)). This procedure has the advantage that local fluctuations can not only be detected but also be propagated on certain paths. Thus information on link flows can also be assigned to links without detection equipment and thus leads to an improvement of the OD estimation. As shown later, the OD estimation performs better the more links are allocated with flow information.
Introducing Supplementary Information to OD Estimation
The afore mentioned information is made available to the OD estimation algorithms. On the one hand this comprises data about dynamically generated turning rates, on the other hand about link flows. In a first step the effect on OD estimation only providing volumes of movements is analysed. The second step is to calculate the traffic volume on links up-and downstream of the particular intersection. By this, more links are attributed with links flows, so that the OD estimation can use a wider pool of information. It is expected, that the calculated OD matrix gets therefore a higher quality. Thus, on the one hand the additional information can be used to improve the signal control on the local level. On the other hand it is expected, that the network wide OD estimation and assignment will be improved because these models are based on wider and finer data. How the different model parts of determining turning flows and propagation at the intersection level are included for OD estimation at the network level is shown in FIGURE 1.
COMPUTATIONAL RESULTS
To examine the effects of the new approach on OD estimation, the network displayed in FIGURE 2 was designed. The network consists of 4 OD pairs, 14 links and 3 intersections with a total of 24 turning links. The reference OD matrix which is given in FIGURE 2 and a specific OD route fraction and OD flow was assumed. Based on these assumptions the "true" link traffic counts could be determined.
The net wide OD estimation was generated by the already afore mentioned model of Van Zuylen. For our test scenarios the priori guess of the OD matrix was the unit matrix to determine the estimation quality based only on the influence of additional information and to avoid any other influence. Thereby the information of turning flows and their propagation to the circumjacent links was used as quasi traffic counts and so the set of input data for the OD estimation could be extended. To examine the impact of this method, different scenarios concerning
• detector equipment,
• assignment quality,
• consideration of detector data within the assignment and • defect detectors concerning counted vehicles were analysed. This sample had been chosen to indicate the different influences of incomplete sets of link counts. Seven scenarios with a different number and a different extract of counted links were generated. Scenario 1 made up of all 38 links (14 links between intersections and 24 turning links) was used as the reference. In scenario 2 and 3 the OD matrix is estimated based only on the links between the intersections respectively on the turning links to demonstrate the difference of the precision which is included in the counts of these links. Scenario 4 to 7 add successively turning links to the set of links to test which benefit could be gained by adding this additional information. An overview of the different scenarios and the corresponding sets of links is shown in TABLE 1.
Besides the set of counted links also the quality precision of the assignment information a ij p has an impact of the OD estimation. The quality of an assignment arises with increasing number of iterations. In reality the calculation time for assigning large networks is often too high to do many iterations. Therefore the assignment will often be somehow imprecise. This was taken into account by analysing the 5, 7, 8, 10, 11, 13, 14, 15, 17, 18, 19, 21, 22, 23, 25, 26, 27, 29, 30, 32, 33, 35, 36 100  200  150  450  2  50  -100  150  300  3  200  150  -150  500  4  50  100 Testnetwork.
effect to the estimated OD matrix of exact assignment, nearly exact assignment, assignment with some different OD flow proportioning and an all-or-nothing assignment. The exact assignment was used here as the reference.
The evaluation of the scenarios is done by using the average estimation error. Therefore, the estimated OD matrix is compared to the reference OD matrix and the average route mean square error of the OD pairs is determined (the diagonal elements are not taken into account). A comparison of the results of the different scenarios is shown in TABLE 2.
The comparison of the results show that the inclusion of the additional turning flows improve the OD estimation. It could also be analysed that the influence of some turning links is higher than other (e. g. scenario 4 compared to scenario 5) but an improvement could always be obtained by adding the additional information. Especially scenario 2 compared to scenario 3 demonstrates the high information content which the turning flows offer.
To achieve an even higher improvement the additional information is not only used in the OD estimation process but also in the assignment. This is done by using the respective data as quasi capacity in the cost function for calculating the link travelling cost. The cost function is as follows: The effect is, that if a detector value exists, the assignment algorithm will use this value as capacity of the corresponding link and therefore will approximate the calculated link flow to this value. Doing so, the quality of the assignment can be improved in most cases. TABLE 3 shows the average route mean square error of the estimation using the fit assignment.
Comparing the tested scenarios without and with the fit assignment (TABLE 2 and TABLE 3 ) it can be seen that yet another improvement could be made.
Comparing scenario 2, 5, 8, 9 the benefit of propagation of data could be analysed. These scenarios differ in the inclusion of the links 37 and 19 in the set of links. In case of estimating the OD matrix by including the turning link 19 an improvement could be made (scenario 9) and completing the link set (plus link 37, scenario 5) via propagation the estimation error is reduced furthermore.
But what would happen if the determination of the turning flows were not exact and therefore the additional information were incorrect? To test this case scenario 6 is taken and the turning flows of link 17, 21 and 25 are falsified as shown in Table 4 (assignment with some different OD flow proportioning).
The results show that the OD estimation benefits through additional information on the turning flows even in cases of incorrect flows. 
CONCLUSION
A method for OD estimation in road networks was described which uses additional information ascertained at the intersections level. The additional information is determined by combining detected flow data and information of the signal timing. Furthermore, this data is also propagated to the circumjacent links, so that the set of links on which the net wide OD estimation is based could be enlarged.
The improvement of additional information on OD estimation and assignment was shown on a small test net consisting of 4 OD pairs. Computational trials in a larger real network as well as adaptations and refinements of the model components are just under process and will be finalised within the next months.
